Submicron spherical barium titanate (BaTiO 3 ) was prepared by batch precipitation in an alkaline solution of a BaCl 2 -TiCl 4 -NaOH reaction system. The influence of various parameters on the morphology of BaTiO 3 powders was investigated in this study. Spherical BaTiO 3 particles can be obtained by reacting for 20 min, which was used to prepare the dry sheet of a medical dry chemical reagent. The morphology of the particles was affected by the stirring speed and the alkaline concentration; the particle size decreased as the stirring speed increased. The hydroxyl ion in the solution acts as a catalyst that can promote the formation of spherical BaTiO 3 . The formation mechanism of the BaTiO 3 sphere is proposed to have three steps: the formation of a Ba-Ti gel and nucleation, self-combination/growth of the BaTiO 3 crystal nucleus, and Ostwald ripening. In addition, it is feasible to apply the prepared BaTiO 3 sphere to medical dry chemical detection reagents.
Introduction
In recent decades, barium titanate (BaTiO 3 ) with a perovskite structure has been widely applied to multilayer ceramic capacitors (MLCCs), gate dielectrics, and embedded capacitors in printed circuit boards due to its good ferroelectric properties and high dielectric constant [1] . As a piezoelectric material, BaTiO 3 can also be made for transducers and actuators [2] . When doped with other elements, its semiconducting properties have a positive temperature coefficient of resistivity (PTCR) [3] . In addition, the surface sensitivity of BaTiO 3 to gas adsorption can be used for chemical sensors [4] . In recent years, some researchers have pointed out that BaTiO 3 can be used in medical bone transplantation [5] . Moreover, BaTiO 3 also has optical characteristics such as high whiteness and high reflectivity, similar to TiO 2 and BaSO 4 . These properties can be applied in medical dry chemical detection reagents [6, 7] , which can detect health indicators quickly. This represents a potential research direction for barium titanate materials.
Generally, medical reagent dry sheets can be divided into three layers: a support layer, a reagent layer, and a diffusion layer. The main functions of the diffusion layer are to filter, permeate, diffuse, reflect, etc.; the analyte can permeate and diffuse evenly into the reagent layer and react with the matrix. In addition, the diffusion layer plays a role in the reflection of light. The greater the reflectivity, the less the liquid to be tested is affected by the color of the dry film, and the more accurate the concentration of the liquid is. Therefore, the performance of the diffusion layer depends to a great extent on its composition. The preparation of spherical, uniform BaTiO 3 particles is an important step toward the fabrication of a diffusion layer in medical dry films. 
To gain further understanding of the formation process of BaTiO 3 sphere in the reaction system, the synthesis of BaTiO 3 spheres was conducted by a batch precipitation method based on the investigation of various factors, with a reaction temperature below 100 • C. Equations (1) and (2) combine nucleation and crystal growth from the perspective of crystallization chemistry. Furthermore, the prepared products were applied to the diffusion layer of medical dry sheets to facilitate the detection and analysis of dry chemical reagents; this provides more selective space for the materials in the application field.
Materials and Methods

Materials
Titanium tetrachloride (A.R., 99.0%, Shanghai Maclean Biochemical Technology Co. Ltd., Beijing, China), barium chloride dihydrate (A.R., ≥99.5%, Sinopharm Chemical Reagent Co., Ltd., Beijing, China), NaOH (A.R., ≥96.0%, Beijing Chemical Plant, Beijing, China), and commercially available BaTiO 3 (A.R., Maclean Biotechnology Co. Ltd., Beijing, China) were the main materials. 
Synthesis Methods
A sample of spherical BaTiO 3 with a uniform particle size was prepared by the batch precipitation method. Titanium tetrachloride was dropped slowly into ice-cooled (below 10 • C) deionized water under stirring, and after hydrolyzing this solution was regarded as the Ti source. At the same time, barium chloride dihydrate was dissolved in 60 mL deionized water using R (the ratio of Ba/Ti) = 1.11, which was used as the Ba solution. An excess of Ba was used compared with the stoichiometric amount, which had a great influence on the reaction kinetics [11] . The above two solutions were then mixed to form a Ba-Ti solution. The acidic Ba-Ti solution was mixed with an equal amount of 0.6-1.2 M NaOH solution in a 500-mL four-necked flask (the concentration was calculated according to the total volume after the reaction of the mixed solution). The concentration of Ba in the reaction system was 0.1 M. The experiment was conducted for a reaction time of 5-180 min at a stirring speed of 250-1000 r/min. A white precipitate was obtained when the temperature was close to 90 • C.
The as-prepared product after aging was centrifuged, washed, and dried at 80 • C. The suspension was washed with an ammonia solution (pH: 10.0-10.2) to avoid having chloride ions in the products and reduce the leaching of Ba 2+ from the surface of BaTiO 3 particles [19, 26] . The reaction system was carried out under N 2 protection to avoid the introduction of CO 2 .
The Preparation of Diffusion Layer of Dry Chemical Reagents
One gram of homemade BaTiO 3 (prepared by the above synthesis method) or commercially available BaTiO 3 was added (as a comparison) to the Erlenmeyer flask along with 1 mL of acetone solution, an appropriate amount of cellulose acetate solution (CA, Sinopharm Chemical Reagent Co., Ltd, Beijing, China), and trace surfactant, which can be used as the diffusion layer slurry. Then, the mixture was magnetically stirred for a certain period of time, and coated on the fixed dry reagent layer by a coating machine. The coated layer was dried at room temperature to obtain a BaTiO 3 diffusion layer that can be used for in vitro diagnostic reagents in a dry chemical.
Characterization
The phase of the as-prepared samples was analyzed by X-ray powder diffraction (Rigaku Max-2600, Japanese Neo-Confucianism Co. LTD, Tokoy, Japan) at room temperature and with the conditions of 40 kV tube voltage and 30 mA tube current (Cu Kα). In addition, the morphology of the particles was investigated by field-emission scanning electron microscopy (FE-SEM, ZEISS-SUPRA 55, Carl Zeiss AG, Jena, Germany). The particle size distribution was measured by a laser particle size analyzer PSD (Rise-2008, Jinan Runzhi Technology Co., Ltd., Jinan, China).
Results and Discussion
The Effect of Reaction Time
In this study, the effect of reaction time on the as-prepared BaTiO 3 powders was investigated. During the course of the experiment, white precipitations were collected using a centrifuge tube after 5, 20, 90, and 180 min of reaction time (time 0 corresponds to the moment the temperature in the mixed solution reaches the given reaction temperature).
The X-ray diffraction (XRD) patterns of BaTiO 3 obtained at different reaction times are shown in Figure 1 . The XRD pattern of the sample reacted for 5 min shows a BaTiO 3 peak. The peak intensity of the as-prepared powder for 20 min is a little more noticeable in the XRD pattern. In addition, it lessens a bit with a further increase in reaction time. It is worth noting that the reaction was completed within several minutes at a temperature of 90 • C for a raw material concentration of 0.1 M. Testino and Viviani [11, 25] have also reported that the reaction solution can rapidly form a BaTiO 3 crystal nucleus at T = 82-92 • C in a suitable concentration range, and the concentration can be lower with increasing temperature. The effect of the concentration on the particle size and crystallite size of BaTiO 3 has been described in a previous study [11] . The change in concentration had no significant effect on Crystals 2019, 9, 594 4 of 12 the XRD diffraction peak of the BaTiO 3 , but the particle size was reduced appropriately. A low Ba 2+ concentration of 0.1 M was selected in this study for various reasons. First, the larger BaTiO 3 particles obtained at this concentration can be used better to the dry diffusion layer in comparison with those at a high concentration. Second, lower concentrations lengthen the reaction time, thereby prolonging the reaction cycle and increasing the costs. The yield of powders at this concentration can be over 99%. reasons. First, the larger BaTiO3 particles obtained at this concentration can be used better to the dry diffusion layer in comparison with those at a high concentration. Second, lower concentrations lengthen the reaction time, thereby prolonging the reaction cycle and increasing the costs. The yield of powders at this concentration can be over 99%. As shown in Figure 1 , there was a splitting of the diffraction lines at 2θ angles, which was in accordance with the JCPDS card No. 05-0626, demonstrating that the products synthesized at 90 °C consisted of pseudo tetragonal crystals. Moreover, the powders prepared by the batch precipitation method were obtained without calcination, which reduced the equipment cost and is advantageous for industrial production. This also rendered it easy to apply to the medical dry chemical diffusion layer. Generally, the common tetragonal structure of BaTiO3 was obtained after heating treatment at more than 1100 °C. The phenomenon in this study can be contributed to particle coarsening or removal of hydroxyl groups from the perovskite lattice [25, 27] .
The Effect of Stirring Speed
The effects of stirring speed on solutions were examined by adding powders to solutions under a concentration of 0.1 M BaCl2 and 20 min reactione timen. The stirring speed varied from 100 rpm to 1000 rpm. Some examples of the morphology of as-prepared particles are presented in Figure 2 . The particle size was uneven and there was adhesion between the particles when the rotation speed was lower than 250 rpm. From the perspective of particle uniformity, the distribution of particles tended to be more uniform and the formative particle gradually became complete as the stirring speed increased. As can be seen in Figure 2C , the surface of BaTiO3 particles obtained at 700 rpm was relatively smooth, and the particle morphology was somewhat spherical. Below this rotation speed, it was obvious that the particles were not completely formed and that there were many defects on the surface of the particles. Above this rotation speed, spherical particles adhered to other small particles, while the particle size was similar to that of 700 rpm. As shown in Figure 1 , there was a splitting of the diffraction lines at 2θ angles, which was in accordance with the JCPDS card No. 05-0626, demonstrating that the products synthesized at 90 • C consisted of pseudo tetragonal crystals. Moreover, the powders prepared by the batch precipitation method were obtained without calcination, which reduced the equipment cost and is advantageous for industrial production. This also rendered it easy to apply to the medical dry chemical diffusion layer. Generally, the common tetragonal structure of BaTiO 3 was obtained after heating treatment at more than 1100 • C. The phenomenon in this study can be contributed to particle coarsening or removal of hydroxyl groups from the perovskite lattice [25, 27] .
The effects of stirring speed on solutions were examined by adding powders to solutions under a concentration of 0.1 M BaCl 2 and 20 min reactione timen. The stirring speed varied from 100 rpm to 1000 rpm. Some examples of the morphology of as-prepared particles are presented in Figure 2 . The particle size was uneven and there was adhesion between the particles when the rotation speed was lower than 250 rpm. From the perspective of particle uniformity, the distribution of particles tended to be more uniform and the formative particle gradually became complete as the stirring speed increased. As can be seen in Figure 2C , the surface of BaTiO 3 particles obtained at 700 rpm was relatively smooth, and the particle morphology was somewhat spherical. Below this rotation speed, it was obvious that the particles were not completely formed and that there were many defects on the surface of the particles. Above this rotation speed, spherical particles adhered to other small particles, while the particle size was similar to that of 700 rpm. It has been reported in the literature [28, 29] that the stirring speed in the reaction system and the particle size of prepared powders have a certain qualitative relationship. The particle size tended to decrease with increasing agitation speed ( Figure 2 ), which is consistent with the results reported in the literature [30] . As the stirring speed increased, the frequency of collision among molecules and the formation of crystal nuclei in the solution increased, corresponding to the nucleation theory, and the solution was uniformly mixed, which was favorable for the uniform growth of individual crystal particles. In addition, there were several small particles on the surface of the large particle in Figure 2D . Due to the coalescence mechanism, the large particles gradually became larger by aggregating the smaller particles. The dependence of the particle size distribution on the stirring speed is indicated in Figure 3 based on measurements from a Rise-2008 laser particle size analyzer. There was one particle size centered at 200 nm and a weak shoulder at 35 nm. Moreover, this value was in agreement with that calculated by the Scherrer formula from the diffraction data, which provided valuable data on crystal growth mechanism and aggregation. It also showed that the average particle size of the powders changed little when increasing the stirring speed from 100 to 1000 rpm. The distribution of particle size gradually narrowed with the increase in stirring speed. In addition, when the rotational speed was increased to 1000 rpm, the particle size distribution tended to broaden. This is for two reasons. From a macroscopic point, as the stirring speed increased, the BaTiO3 particles formed by small crystallites were easily ejected at high speeds as the blades rotated at high speed.
On the other hand, from a microscopic point of view, the shearing force generated by the rotation of the blade during the high rotation speed was large [29] , and the BaTiO3 submicron sphere formed in the solution was broken, so several small particles attached to the surface of the BaTiO3 sphere were dispersed in the solution and further crystal growth was carried out by secondary nucleation. Accordingly, in addition to the original relatively complete BaTiO3 particles in the solution, there were small particles formed by secondary nucleation, resulting in a relatively wide particle size at 1000 rpm. It has been reported in the literature [28, 29] that the stirring speed in the reaction system and the particle size of prepared powders have a certain qualitative relationship. The particle size tended to decrease with increasing agitation speed ( Figure 2 ), which is consistent with the results reported in the literature [30] . As the stirring speed increased, the frequency of collision among molecules and the formation of crystal nuclei in the solution increased, corresponding to the nucleation theory, and the solution was uniformly mixed, which was favorable for the uniform growth of individual crystal particles. In addition, there were several small particles on the surface of the large particle in Figure 2D . Due to the coalescence mechanism, the large particles gradually became larger by aggregating the smaller particles. The dependence of the particle size distribution on the stirring speed is indicated in Figure 3 based on measurements from a Rise-2008 laser particle size analyzer. There was one particle size centered at 200 nm and a weak shoulder at 35 nm. Moreover, this value was in agreement with that calculated by the Scherrer formula from the diffraction data, which provided valuable data on crystal growth mechanism and aggregation. It also showed that the average particle size of the powders changed little when increasing the stirring speed from 100 to 1000 rpm. The distribution of particle size gradually narrowed with the increase in stirring speed. In addition, when the rotational speed was increased to 1000 rpm, the particle size distribution tended to broaden. This is for two reasons. From a macroscopic point, as the stirring speed increased, the BaTiO 3 particles formed by small crystallites were easily ejected at high speeds as the blades rotated at high speed. On the other hand, from a microscopic point of view, the shearing force generated by the rotation of the blade during the high rotation speed was large [29] , and the BaTiO 3 submicron sphere formed in the solution was broken, so several small particles attached to the surface of the BaTiO 3 sphere were dispersed in the solution and further crystal growth was carried out by secondary nucleation. Accordingly, in addition to the original relatively complete BaTiO 3 particles in the solution, there were small particles formed by secondary nucleation, resulting in a relatively wide particle size at 1000 rpm. 
Effect of Concentration of NaOH
The morphology of the obtained powders at different concentrations of NaOH is presented in Figure 4 . When the NaOH concentration increased from 0.6 M to 0.8 M, the resulting product grew from an irregular morphology to a spherical shape with severe defects. With an increase in alkali concentration to 1.0 M, the prepared BaTiO3 powder had a relatively regular spherical shape under scanning electron microscopy. Because of the uniform spherical shape, it was better applied to the dry chemical diffusion layer; the particles were uniformly diffused through the diffusion layer onto the reagent layer for substrate reaction. As the concentration of OHions continued to increase from 1.0 M to 1.2 M, the spherical particle size decreased from 200 nm to 150 nm, which was in accordance with the results from Hwang, Wang, etc. [10, 14, 31] . The OHtaken as a catalyst in the solution maintained the supersaturation of the reaction system to complete the precipitation reaction, thereby promoting the formation of BaTiO3 crystallites. In addition to the alkaline environment being essential for producing a stable barium titanate particle, it can also serve as a growth inhibitor, preventing further growth and agglomeration of the product, which agrees with the description of nucleation theory [32] . 
The morphology of the obtained powders at different concentrations of NaOH is presented in Figure 4 . When the NaOH concentration increased from 0.6 M to 0.8 M, the resulting product grew from an irregular morphology to a spherical shape with severe defects. With an increase in alkali concentration to 1.0 M, the prepared BaTiO 3 powder had a relatively regular spherical shape under scanning electron microscopy. Because of the uniform spherical shape, it was better applied to the dry chemical diffusion layer; the particles were uniformly diffused through the diffusion layer onto the reagent layer for substrate reaction. As the concentration of OHions continued to increase from 1.0 M to 1.2 M, the spherical particle size decreased from 200 nm to 150 nm, which was in accordance with the results from Hwang, Wang, etc. [10, 14, 31] . The OHtaken as a catalyst in the solution maintained the supersaturation of the reaction system to complete the precipitation reaction, thereby promoting the formation of BaTiO 3 crystallites. In addition to the alkaline environment being essential for producing a stable barium titanate particle, it can also serve as a growth inhibitor, preventing further growth and agglomeration of the product, which agrees with the description of nucleation theory [32] . 
The Formation Mechanism of Spherical BaTiO 3
Submicron spherical BaTiO 3 particles were successfully obtained at a low Ba ion concentration of 0.1 M using a batch precipitation method. It was found that the formation of BaTiO 3 precipitates can be processed by two steps. First, the amorphous colloidal liquid rapidly formed a Ti-rich gel phase under the heat of reaction between acid and alkali after the Ba-Ti solution was mixed with the NaOH solution at room temperature. Next, the reaction of the gel phase with Ba 2+ or BaOH + in the solution proceeded during the gradual warming to form a white precipitate suspension that contained BaTiO 3 . All steps of the reaction were carried out under stirring.
The mechanism of BaTiO 3 formation has also been reported in the literature [9, 21, 23, 31, 33, 34] . Testino et al. [23] analyzed the formation of barium titanate from the perspective of crystal nucleation and growth. The kinetic analysis of crystallization of hydrothermal BaTiO 3 was studied by Özen et al. [9] . The formation process of spherical BaTiO 3 particles has rarely been analyzed in detail.
The formation mechanism of spherical BaTiO 3 particles was identified in this study. It is divided into three steps. In the initial stage of the reaction, the Ba-Ti solution is rapidly mixed with the NaOH solution at room temperature to form a Ti-rich gel phase [23] . The barium-containing ions (Ba 2+ or BaOH + ) diffuse into the Ti-rich gel phase to form a Ba-Ti gel, and then form a BaTiO 3 nucleus by the catalyzing of OHunder a thermal field, corresponding to stage (i) in Figure 5 .
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Submicron spherical BaTiO3 particles were successfully obtained at a low Ba ion concentration of 0.1 M using a batch precipitation method. It was found that the formation of BaTiO3 precipitates can be processed by two steps. First, the amorphous colloidal liquid rapidly formed a Ti-rich gel phase under the heat of reaction between acid and alkali after the Ba-Ti solution was mixed with the NaOH solution at room temperature. Next, the reaction of the gel phase with Ba 2+ or BaOH + in the solution proceeded during the gradual warming to form a white precipitate suspension that contained BaTiO3. All steps of the reaction were carried out under stirring.
The mechanism of BaTiO3 formation has also been reported in the literature [9, 21, 23, 31, 33, 34] . Testino et al. [23] analyzed the formation of barium titanate from the perspective of crystal nucleation and growth. The kinetic analysis of crystallization of hydrothermal BaTiO3 was studied by Özen et al. [9] . The formation process of spherical BaTiO3 particles has rarely been analyzed in detail.
The formation mechanism of spherical BaTiO3 particles was identified in this study. It is divided into three steps. In the initial stage of the reaction, the Ba-Ti solution is rapidly mixed with the NaOH solution at room temperature to form a Ti-rich gel phase [23] . The barium-containing ions (Ba 2+ or BaOH + ) diffuse into the Ti-rich gel phase to form a Ba-Ti gel, and then form a BaTiO3 nucleus by the catalyzing of OHunder a thermal field, corresponding to stage (i) in Figure 5 .
The second stage is the self-combination/growth of a crystal nucleus, which can be accomplished in two ways: (a) BaTiO3 crystallites can self-assemble to form flaky grains, which are further overlaid onto spherical BaTiO3, as seen in Figure 5 (ii). (b) The spherical BaTiO3 may also be formed by screw dislocation [35] . The middle point is the spiral dislocation outcrop growth hill. The growth trajectory of the crystal was spiral, corresponding to the stage of Figure 5 (ii). From the perspective of crystal chemistry, the interface formed by the BaTiO3 crystal was composed of a negative ion coordination polyhedron [36] , that is, Ba was located at the center of eight octahedral structures composed of Ti and O. Its crystal orientation played a significant role in the morphology of the crystal. Generally, the negative ion coordination polyhedron has the fastest crystal growth rate, corresponding to the apex angle, and often disappears. Growth primitives The second stage is the self-combination/growth of a crystal nucleus, which can be accomplished in two ways: (a) BaTiO 3 crystallites can self-assemble to form flaky grains, which are further overlaid onto spherical BaTiO 3 , as seen in Figure 5 (ii). (b) The spherical BaTiO 3 may also be formed by screw dislocation [35] . The middle point is the spiral dislocation outcrop growth hill. The growth trajectory of the crystal was spiral, corresponding to the stage of Figure 5(ii) .
From the perspective of crystal chemistry, the interface formed by the BaTiO 3 crystal was composed of a negative ion coordination polyhedron [36] , that is, Ba was located at the center of eight octahedral structures composed of Ti and O. Its crystal orientation played a significant role in the morphology of the crystal. Generally, the negative ion coordination polyhedron has the fastest crystal growth rate, corresponding to the apex angle, and often disappears. Growth primitives composed of different connection forms have different stability energies [37] . During the course of the reaction, the BaTiO 3 crystals were oriented in a certain arrangement due to the electrostatic action, and most of them were combined by an apex angle connection. The high stability of the elements formed by the apex angle connection was attributed to this event.
The screw dislocation outcrop existing on the crystal plane in the screw dislocation growth mechanism (BCF theoretical model) was used as a source for crystal growth and acted as a catalyst to prompt the growth of a BaTiO 3 crystal nucleus. Zhong et al. [38] studied the crystal structure of silicon carbide according to the negative ion coordination polyhedron growth primitive model, showing that the growth element tetrahedron dislocation occurred along an axis when it was superposed on the crystal plane, and that it was in a spiral path. The BCF theoretical model can be used to explain the growth of many actual crystals [39] .
The last stage is the Ostwald ripening, based on the existent BaTiO 3 sphere. The growth of BaTiO 3 particles tended to be complete under Ostwald ripening, and the surface was smoother, corresponding to the stage of Figure 5 (iii). The large particles gradually grew further with the influence of interface energy, resulting in the smoother surface of the defective particles.
The Application of As-Prepared Powders on the Medical Dry Chemical Diffusion Layer
BaTiO 3 powder was used for the preparation of a dry chemical diffusion layer. It was stirred for a certain time to coat a relatively smooth diffusion layer. It can be interpreted as follows. Adhesive cellulose acetate (CA) took some time to dissolve in the solution and uniformly wrap the barium titanate particles. When the stirring time was too short, some of the undissolved particles were dispersed in the slurry, resulting in a rough surface of the diffusion layer. As the stirring time was extended, CA gradually dissolved to obtain a smooth diffusion layer. It is undeniable that the smoother diffusion layer is better for use in medical dry chemical reagents.
A comparison between commercial BaTiO 3 and as-prepared samples is shown in Figure 6 . The self-made BaTiO 3 in the wavelength range of 400-850 nm had higher light reflectivity than the commercially available BaTiO 3 in Figure 6a . The reflectivity of the commercially available BaTiO 3 had the value of 91.1% at 550-850 nm, while that of the self-made BaTiO 3 was more than 99.2%, which represented a significant advantage in comparison with TiO 2 or BaSO 4 having been applied to the medical dry chemical reagent film (Figure 7) . From the prospective of morphology, the commercially available BaTiO3 particles had inhomogeneous particle sizes and irregular shapes, while the self-made BaTiO3 particles had a more regular spherical shape, more uniform particle size, and more uniform distribution relative to the commercially available BaTiO3 (as shown in Figure 6b ). The interfering substances were filtered out when serum was dripped into the diffusion layer, which could be uniformly dispersed into the reagent layer to provoke a uniform color reaction, so that the concentration of the analyte was determined by a color test to achieve reagent detection. However, the diffusion layer obtained by the commercially available BaTiO3 had a nonuniform void, and it was difficult for the serum to uniformly permeate due to the capillary phenomenon of the pores in the diffusion layer after From the prospective of morphology, the commercially available BaTiO3 particles had inhomogeneous particle sizes and irregular shapes, while the self-made BaTiO3 particles had a more regular spherical shape, more uniform particle size, and more uniform distribution relative to the commercially available BaTiO3 (as shown in Figure 6b ). The interfering substances were filtered out when serum was dripped into the diffusion layer, which could be uniformly dispersed into the reagent layer to provoke a uniform color reaction, so that the concentration of the analyte was determined by a color test to achieve reagent detection. However, the diffusion layer obtained by the commercially available BaTiO3 had a nonuniform void, and it was difficult for the serum to uniformly permeate due to the capillary phenomenon of the pores in the diffusion layer after From the prospective of morphology, the commercially available BaTiO 3 particles had inhomogeneous particle sizes and irregular shapes, while the self-made BaTiO 3 particles had a more regular spherical shape, more uniform particle size, and more uniform distribution relative to the commercially available BaTiO 3 (as shown in Figure 6b ). The interfering substances were filtered out when serum was dripped into the diffusion layer, which could be uniformly dispersed into the reagent layer to provoke a uniform color reaction, so that the concentration of the analyte was determined by a color test to achieve reagent detection. However, the diffusion layer obtained by the commercially available BaTiO 3 had a nonuniform void, and it was difficult for the serum to uniformly permeate due to the capillary phenomenon of the pores in the diffusion layer after dripping, resulting in uneven color development and affecting the testing effect. Meanwhile, the spherical BaTiO 3 particles prepared by the batch precipitation method herein had good repeatability in applications with medical dry chemical reagents (as shown in Figure 8 ).
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The relationship between reflectivity and color images at different serum concentrations is shown in Figure 8 . As the concentration increased, the color reaction was much more evident: the red was deeper, resulting in a decrease in the corresponding light reflectance value. When the concentration of the serum was higher, the absorbance of light at a wavenumber of 740 nm (red) improved. It turned out that the intensity of light reflected in the detector decreased, demonstrating that the reflectivity was low. At a low concentration the situation was the opposite. 
Conclusions
Submicron spherical BaTiO3 was synthesized by batch precipitation via a BaCl2-TiCl4-NaOH reaction system. The effects of different conditions, such as reaction time, stirring speed, and alkali concentration, on the morphology of the BaTiO3 powder was analyzed. It was found that a good spherical BaTiO3 can be synthesized by reacting in an alkaline system for 20 min, which saves preparation time for the dry sheet of a medical dry chemical reagent. It was also found that the morphology of the powders will be affected by the stirring speed, and that the particle size will decrease with an increase in the stirring speed. Hydroxyl ions in the solution, in addition to providing an alkaline environment during the reaction to form BaTiO3 crystals, acted as a catalyst to promote the progress of the reaction. In the present case, the formation of spherical BaTiO3 particles was achieved in three steps: the formation of a Ba-Ti gel and nucleation, self-combination/growth of BaTiO3 crystal nucleus, and Ostwald ripening. In addition, BaTiO3 powders prepared in this study were applied to the preparation of dry chemical reagent detection sheets. The results showed that the color reaction was obviously improved as compared to a commercial sample, and the reaction process was reproducible. 
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